Laser investigations for payload G-652 prior to filing pre-flight accommodation requirements by Bellina, Joseph & Muckerheide, M. C.
N 8  8 1769 4 
LASER INVESTIGATIONS FOR PAYLOAD 6-652 
PRIOR TO FILING PRE-FLIGHT ACCOMMODATION REQUIREMENTS 
Joseph Be l l i na ,  M.D. Ph.D. & M.C. Muckerheide 
ABSTRACT 
I n  a n t i c i p a t i o n  o f  p resent ing  the p r e - f l i g h t  accommodations requirements 
t o  NASA f o r  approval, we are  i n v e s t i g a t i n g  the  physics,  b io logy ,  e l e c t r o n i c  
and chemist ry  aspects o f  l a s e r  experiments which a re  most advantageous t o  our  
f l i g h t .  
t h a t  f u t u r e  f l i g h t s  o f  the  s h u t t l e  may begin i n  1988. I t i s  our  consensus 
t h a t  du r ing  the  ho ld ing  t ime be fore  the resumption o f  f l i g h t s ,  there  i s  an 
e x t r a  margin o f  p e r f e c t i o n  which i s  poss ib le  and t h a t  t he  p e r i o d  p r i o r  t o  
f l  i g h t  i s  working t o  our advantage techno log ica l l y .  
The problems t h a t  can be encountered i n  space f lown l a s e r  systems are  
addressed and the  ana lys i s  o f  data i s  o f f e r e d  as a model f o r  p r e - f l i g h t  
accommodation requirement f i l i n g .  
P re l  i m i  nary 1 aboratory  eval  ua t i on  has been ta rge ted  w i  t h  the  rea l  i z a t i  on 
S c i e n t i f i c  i n v e s t i g a t i o n  and i n v e n t i o n  are  c l o s e l y  r e l a t e d  and dependent 
upon each other.  
i s  o f t e n  t rue .  However, the  i nven t ions  o f  today are  a l s o  dependent upon many 
o f  t h e  s c i e n t i f i c  b u i l d i n g  b locks o f  t he  past.  
When working on the c u t t i n g  edge o f  technology there  a re  almost always 
cons t ra i  n t s  i n devel op i  ng new invent ions.  
c o n s t r a i n t s  a re  o f t e n  g rea te r  due t o  the harshness o f  the environment. 
I n  g r e a t  measure we are dependent upon those who have gone be fore  us when 
i t  comes t o  exper imentat ion and the development o f  new devices. 
Because o f  new developments i n  the  f i e l d  o f  science which occur 
c o n t i n u a l l y ,  i t  i s  essen t ia l  t o  i n v e s t i g a t e  the  f i n e s t  op t ions  be fore  
producing a system f o r  space f l i g h t .  I n  rev iewing  the  l a t e s t  technology and 
inven t ions  we have a r r i v e d  a t  the conclus ion tha t ,  a l though ge t  away spec ia l  
exper imentat ion on board the  Space S h u t t l e  has been delayed du r ing  the  pas t  
year,  we have indeed had t ime t o  re - th ink  our  experiments and a l s o  apply the  
most recen t  concepts which can make our  experiments more meaningful. 
Before submi t t ing  our  p r e - f l  i g h t  accommodation requirements (PAR) package 
t o  NASA we have found i t  necessary t o  rev iew by experiment the  f e a s i b i l i t y  o f  
the research. 
To g e t  the g rea tes t  advantage from the f i n a n c i a l  investment i t  i s  
essen t ia l  t o  s e l e c t  members f o r  t he  payload team t h a t  have the  necessary 
background. 
The age o l d  saying t h a t  necess i ty  i s  t he  mother o f  i n v e n t i o n  
When worki  ng i n space the 
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I n  our  p a r t i c u l a r  payload 
s c i e n t i f i c  and a d m i n i s t r a t i v e  
op t im ize  bo th  d i s c i p l i n e s .  F 
GAS-652 we have addressed the needs o f  the 
segments by s e l e c t i n g  payload members t h a t  can 
gure I i s  a photo o f  our  payload group. 
FIG I 
Payload Team 
From l e f t  t o  r i g h t  seated: 
From l e f t  t o  r i g h t  standing: 
Seeley, Mark The i le r .  
Michael Petry,  Mary McClutchy 
Reginald Sprecher, Rich S p o r t i e l l o ,  Dar re l  
Because so much depends upon proper s c i e n t i f i c  and a d m i n i s t r a t i v e  
dec is ions  i n  making the  payload a success we have g iven the  team a hands on 
responsi  b i l  i ty from the beginning, and have addressed the  many parameters 
essen t ia l  i n  o r i e n t a t i o n  around the  experimenters handbook and the safety  
manual. 
spent cons iderable t ime s t r e s s i n g  the  1 a t t e r .  
Because our payload must a l s o  address the  l a s e r  sa fe ty  i ssue we have 
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We have attempted i o n i z a t i o n  r e l a t e d  experiments r e l a t i v e  t o  concepts 
i n v o l v i n g  the  Free e l e c t r o n  l a s e r  and inves t i ga ted  magnetic f i e l d  a t tenua t ion  
i n  plasmas. 
Tests o f  h igh  peak power neodymium l a s e r  have been o r i e n t a t e d  around the 
concept o f  produci  ng the we1 1 known 1 aser generated e l e c t r i c a l  breakdown f o r  
implementat ion i n  an environment f o r  the produc t ion  o f  amino acids.  Stanley 
M i l l e r  conducted experiments us ing  e lec t rodes  and e l e c t r i c  sparks’. 
Our experiments w i l l  be conducted i n  m ic rog rav i t y  us ing  the  spark from l a s e r  
generated breakdown. 
~ 
I 
F igure  11 
Laser generated a i r  breakdown f o r  a p p l i c a t i o n  i n  producing organic  compounds 
(amino ac ids )  from chemicals be l ieved t o  have been present  i n  e a r l y  e a r t h  
atmosphere. 
I n v e s t i g a t i o n  o f  Free e l e c t r o n  l a s e r  opera t ion  us ing  the ram glow 
concepts2-8 o f  the  space s h u t t l e  inc luded a search o f  the  l i t e r a t u r e  and 
magnetic a t tenua t ion  o f  plasma i n  the  labora tory .  
~ 
I 
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Combinations o f  DNA and RNA i n  the  focus o f  the neodymium l a s e r  a re  be ing 
i n v e s t i g a t e d  and r e l a t i o n s h i p s  t h a t  may be essen t ia l  i n  the  combinants a re  
being attempted be fore  a r r i v i n g  a t  a d i s t i n c t  methodology f o r  implementat ion 
i n  our  PAR. 
The problems t h a t  can be encountered i n  space f lown l a s e r  systems a re  
many. The problems we are  main ly  concerned w i t h  regard op t ics ,  temperature, 
v i b r a t i o n  ( l i f t  o f f  and land ing ) ,  e l e c t r i c a l  supply, t i m i n g  o f  on /o f f  
sequences, Q-swi tch ing techniques, and e l e c t r o n i c  no ise r e j e c t i o n  and safety .  
The s e l e c t i o n  o f  an adequate l a s e r  system and e l e c t r o n i c s  t h a t  do n o t  
e a s i l y  l e n d  themselves t o  l a t c h  up are  being inves t iga ted .  
c i r c u i t s  and a rev iew o f  prev ious i n fo rma t ion  supp l ied  i n  pas t  GAS experiment 
symposiums o f f e r s  a l a r g e  amount o f  data f o r  p re  PAR development. 
Our main emphasis i n  f l y i n g  GAS-652 i s  on exp lo r i ng  the  p o s s i b i l i t y  o f  
f l y i n g  an o r b i t a l  system a l though the  methodology has no t  been determined. 
Our payload concepts a re  embodied i n  our  p re l im ina ry  l ogo  (F igure 3 )  and 
are  g r a p h i c a l l y  sel  f -ev ident .  
Hardening o f  t he  
SUMMARY 
We wish t o  address the fo l l ow ing :  
1. I n v e s t i g a t i o n  o f  physics,  b io logy,  e lec t ron i c ,  and chemical aspects o f  the 
2. 
3. 
4. 
l a s e r  experiments. Before we a r r i v e  a t  a model we consider  t o  be opt imal 
f o r  our  payload we are  doing proo f  o f  p r i n c i p l e  i nves t i ga t i ons .  
Eva lua t ion  o f  s c i e n t i f i c  data i s  poss ib le  i n  t h i s  p e r i o d  o f  down t ime f o r  
f l y i n g  i n  the GAS program and g ives us the added op t ion  o f  l e a r n i n g  more 
about p a s t  payloads and a r r i v i n g  a t  proper  conclusions. 
Our team i s  dependent upon many sources o f  i n fo rma t ion  and cont inues t o  
work e n e r g e t i c a l l y  i n  developing an opt imal PAR. 
Our l a s e r  data ana lys i s  tends t o  lead us i n  the  d i r e c t i o n  o f  us ing  
e x i s t i n g  l a s e r  systems t h a t  have been space tes ted  o r  innovat ions  around 
new concepts such as those i n v o l v i n g  Free E lec t ron  Laser w igg le rs  . 
Our PAR w i l l  be based upon c r i t e r i a  which meet the  l a t e s t  sa fe ty  
s p e c i f i c a t i o n s  o f  NASA, w i t h  enough room f o r  f l e x i b i l i t y ,  so t h a t  
adjustments can be made f o r  opera t iona l  c a p a b i l i t i e s .  
5. 
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Figure I11 
Pre l iminary logo f o r  p r o j e c t  
We b e l i e v e  t h a t  the l o g o  (FIG 111) we a re  p resen t l y  cons ider ing does indeed 
p o r t r a y  ou r  g rea tes t  hopes f o r  t h e  f l i g h t  o f  payload 6-652. 
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